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Description

CLAIM OF PRIORITY

BACKGROUND

[0001] A variety of wireless cellular communication systems have been implemented, including 3rd Generation
Partnership Project (3GPP) Universal Mobile Telecommunications Systems (UMTS), 3 GPP Long-Term Evolution
(LTE) systems, and 3 GPP LTE-Advanced (LTE-A) systems. Next-generation wireless cellular communication systems
based upon LTE and LTE-A systems are being developed, such as Fifth Generation (5G) wireless systems / 5G mobile
networks systems. Various cellular communication systems may implement Polar codes.

"Summary of polar code design for control channels" by Huawei, HiSilicon, 3GPP draft R1-1700088, 16th to 20th January
2017, discusses polar codes and setting up a polar code. The features of information bits, frozen bits, and parity check bits
are disclosed to generate a polar code. The document is silent on the manner in which the number of parity check bits are
specified and their locations are identified based on a supported block size.

EP 2 922 227 discloses a code block segmentation method for CRC-aided polar codes, for mobile communications
systems.

"Channel coding scheme for EMBB" by Intel Corporation, vol. RAN WG1, no. Lisbon, October 9, 2016, discusses a
channel coding scheme for enhanced mobile broadband (EMBB). The document discusses a code design using padding
of the codes that are not natively supported by a low density parity check code to allow it to become supported by the
system. The document does not disclose the manner in which the number of parity check bits are specified and their
locations are identified based on a supported block size. The document does also not specifically relate to polar codes, but
generally discusses the padding scheme.

"Polar Code design" by Intel Corporation, vol RAN WG1, no. Spokane, USA, January 16, 2017, discusses polar code
designs that use parity check bits versus those with cyclic redundancy check bits. The document generally discusses how
polar codes are constructed using each technique. However, the document does not disclose the manner in which the
number of parity check bits are specified and their locations are identified based on a supported block size.

SUMMARY OF THE INVENTION

[0002] Theinventionis defined by the independent claims. Preferred embodiments of the invention are stipulated in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The embodiments of the disclosure will be understood more fully from the detailed description given below and
from the accompanying drawings of various embodiments of the disclosure. However, while the drawings are to aid in
explanation and understanding, they are only an aid, and should not be taken to limit the disclosure to the specific
embodiments depicted therein.

Fig. 1 illustrates scenarios of Polar codes, in accordance with some embodiments of the disclosure.

Fig. 2 illustrates an exemplary scenario of locations of data bits, parity-check bits, and frozen bits, in accordance with
some embodiments of the disclosure.

Fig. 3 illustrates an exemplary scenario of locations of data bits, parity-check bits, and frozen bits, in accordance with
some embodiments of the disclosure.

Fig. 4 illustrates an exemplary circuitry comprising a Polar encoder, in accordance with some embodiments of the
disclosure.

Fig. 5 illustrates an exemplary circuitry comprising a Polar decoder, in accordance with some embodiments of the
disclosure.

Fig. 6illustrates an Evolved Node-B (eNB) and a User Equipment (UE), in accordance with some embodiments of the
disclosure.

Fig. 7 illustrates hardware processing circuitries for a UE for supporting filler bit attachment in Polar encoding
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schemes, in accordance with some embodiments of the disclosure.

Fig. 8 illustrates hardware processing circuitries for an eNB for supporting filler bit attachment in Polar encoding
schemes, in accordance with some embodiments of the disclosure.

Fig. 9 illustrates methods for a UE for supporting filler bit attachment in Polar encoding schemes, in accordance with
some embodiments of the disclosure.

Fig. 10 illustrates methods for an eNB for supporting filler bit attachment in Polar encoding schemes, in accordance
with some embodiments of the disclosure.

Fig. 11 illustrates example components of a device, in accordance with some embodiments of the disclosure.
Fig. 12 illustrates example interfaces of baseband circuitry, in accordance with some embodiments of the disclosure.

DETAILED DESCRIPTION

[0004] Various wireless cellular communication systems have been implemented or are being proposed, including 3rd
Generation Partnership Project (3GPP) Universal Mobile Telecommunications Systems (UMTS), 3GPP Long-Term
Evolution (LTE) systems, 3GPP LTE-Advanced (LTE-A) systems, and 5th Generation (5G) wireless systems / 5G mobile
networks systems / 5G New Radio (NR) systems.

[0005] Various wireless cellular communication systems may incorporate Polar codes, which may increase complexity
in encoding and decoding due to inherent code construction issues and inter-dependency. For example, encoding
complexity and/or decoding complexity may vary significantly with small changes in block sizes and/or code rates.
[0006] Discussed herein are various mechanisms and methods to support filler bit attachment in Polar encoding
schemes (e.g., for Polar encoders and/or Polar decoders). An advantage of the discussed mechanisms and methods is
that they may significantly reduce a complexity of code design and/or storage and/or decoder implementations. By
applying zero-padding, a coarse set of block sizes to be supported natively by an underlying Polar encoder and/or Polar
decoder (e.g., combinations to be supported by the Polar encoder and/or Polar decoder), design complexity may be
reduced while still accommodating flexibility in input sizes.

[0007] In the following description, numerous details are discussed to provide a more thorough explanation of
embodiments of the present disclosure. It will be apparent to one skilled in the art, however, that embodiments of the
present disclosure may be practiced without these specific details. In other instances, well-known structures and devices
are shown in block diagram form, rather than in detail, in order to avoid obscuring embodiments of the present disclosure.
[0008] Note thatinthe corresponding drawings of the embodiments, signals are represented with lines. Some lines may
be thicker, to indicate a greater number of constituent signal paths, and/or have arrows at one or more ends, to indicate a
direction of information flow. Such indications are not intended to be limiting. Rather, the lines are used in connection with
one or more exemplary embodiments to facilitate easier understanding of a circuit or alogical unit. Any represented signal,
as dictated by design needs or preferences, may actually comprise one or more signals that may travel in either direction
and may be implemented with any suitable type of signal scheme.

[0009] Throughout the specification, and in the claims, the term "connected" means a direct electrical, mechanical, or
magnetic connection between the things that are connected, without any intermediary devices. The term "coupled" means
either a direct electrical, mechanical, or magnetic connection between the things that are connected or an indirect
connection through one or more passive or active intermediary devices. The term "circuit" or "module" may refer to one or
more passive and/or active components that are arranged to cooperate with one another to provide a desired function. The
term "signal" may refer to at least one current signal, voltage signal, magnetic signal, or data/clock signal. The meaning of
"a," "an," and "the" include plural references. The meaning of "in" includes "in" and "on."

[0010] Theterms "substantially," "close," "approximately,” "near," and "about" generally refer to being within +/- 10% of a
target value. Unless otherwise specified the use of the ordinal adjectives "first," "second," and "third," etc., to describe a
common object, merely indicate that different instances of like objects are being referred to, and are not intended to imply
that the objects so described must be in a given sequence, either temporally, spatially, in ranking, or in any other manner.
[0011] Itis to be understood that the terms so used are interchangeable under appropriate circumstances such that the
embodiments of the invention described herein are, for example, capable of operation in other orientations than those
illustrated or otherwise described herein.

[0012] The terms "left," "right," "front," "back," "top," "bottom," "over," "under," and the like in the description and in the
claims, if any, are used for descriptive purposes and not necessarily for describing permanent relative positions.
[0013] For purposes of the embodiments, the transistors in various circuits, modules, and logic blocks are Tunneling
FETs (TFETs). Some transistors of various embodiments may comprise metal oxide semiconductor (MOS) transistors,
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which include drain, source, gate, and bulk terminals. The transistors may also include Tri-Gate and FinFET transistors,
Gate All Around Cylindrical Transistors, Square Wire, or Rectangular Ribbon Transistors or other devices implementing
transistor functionality like carbon nanotubes or spintronic devices. MOSFET symmetrical source and drain terminals i.e.,
are identical terminals and are interchangeably used here. ATFET device, on the other hand, has asymmetric Source and
Drain terminals. Those skilled in the art will appreciate that other transistors, for example, Bi-polar junction transistors-BJT
PNP/NPN, BiCMOS, CMOS, etc., may be used for some transistors without departing from the scope of the disclosure.
[0014] Forthe purposes of the present disclosure, the phrases "A and/or B"and "A or B" mean (A), (B), or (A and B). For
the purposes of the present disclosure, the phrase "A, B, and/or C" means (A), (B), (C), (Aand B), (Aand C), (B and C), or
(A, BandC).

[0015] In addition, the various elements of combinatorial logic and sequential logic discussed in the present disclosure
may pertain both to physical structures (such as AND gates, OR gates, or XOR gates), or to synthesized or otherwise
optimized collections of devices implementing the logical structures that are Boolean equivalents of the logic under
discussion.

[0016] In addition, for purposes of the present disclosure, the term "eNB" may refer to a legacy LTE capable Evolved
Node-B (eNB), a next-generation or 5G capable eNB, an Access Point (AP), and/or another base station for a wireless
communication system. The term "gNB" may refer to a 5G-capable or NR-capable eNB. For purposes of the present
disclosure, the term "UE" may refer to a legacy LTE capable User Equipment (UE), a Station (STA), and/or another mobile
equipment for a wireless communication system. The term "UE" may also refer to a next-generation or 5G capable UE.
[0017] Various embodiments of eNBs and/or UEs discussed below may process one or more transmissions of various
types. Some processing of a transmission may comprise demodulating, decoding, detecting, parsing, and/or otherwise
handling a transmission that has been received. In some embodiments, an eNB or UE processing a transmission may
determine or recognize the transmission’s type and/or a condition associated with the transmission. For some embodi-
ments, an eNB or UE processing a transmission may act in accordance with the transmission’s type, and/or may act
conditionally based upon the transmission’s type. An eNB or UE processing a transmission may also recognize one or
more values or fields of data carried by the transmission. Processing a transmission may comprise moving the
transmission through one or more layers of a protocol stack (which may be implemented in, e.g., hardware and/or
software-configured elements), such as by moving a transmission that has been received by an eNB or a UE through one
or more layers of a protocol stack.

[0018] Various embodiments of eNBs and/or UEs discussed below may also generate one or more transmissions of
various types. Some generating of a transmission may comprise modulating, encoding, formatting, assembling, and/or
otherwise handling a transmission that is to be transmitted. In some embodiments, an eNB or UE generating a
transmission may establish the transmission’s type and/or a condition associated with the transmission. For some
embodiments, an eNB or UE generating a transmission may actin accordance with the transmission’s type, and/or may act
conditionally based upon the transmission’s type. An eNB or UE generating a transmission may also determine one or
more values or fields of data carried by the transmission. Generating a transmission may comprise moving the
transmission through one or more layers of a protocol stack (which may be implemented in, e.g., hardware and/or
software-configured elements), such as by moving a transmission to be sent by an eNB or a UE through one or more layers
of a protocol stack.

[0019] In various embodiments, resources may span various Resource Blocks (RBs), Physical Resource Blocks
(PRBs), and/or time periods (e.g., frames, subframes, and/or slots) of a wireless communication system. In some
contexts, allocated resources (e.g., channels, Orthogonal Frequency-Division Multiplexing (OFDM) symbols, subcarrier
frequencies, resource elements (REs), and/or portions thereof) may be formatted for (and prior to) transmission over a
wireless communication link. In other contexts, allocated resources (e.g., channels, OFDM symbols, subcarrier frequen-
cies, REs, and/or portions thereof) may be detected from (and subsequent to) reception over a wireless communication
link.

[0020] Fig. 1 illustrates scenarios of Polar codes, in accordance with some embodiments of the disclosure. A first
scenario 110 may support a parity-check Polar code (PC) and/or PC scheme. An overhead of additional PC-frozen bits
may be distributed among frozen bits as well as a payload of information bits and CRC 16 bits. A second scenario 120 may
support a parity-check PC and/or PC scheme. An overhead of additional CRC may accompany frozen bits as well as a
payload of information bits and CRC 16+n bits.

[0021] Polar codes may support relatively flexible information and code block sizes. For example, a one-bit granularity
on an input may be possible with Polar codes. However, with such fine granularity, there may be implementations costs on
the encoder side and/or on the decoder side. These costs may be amplified for some varieties of Polar codes, such as
parity-check Polar codes, or distributed/hash-aided Polar codes. The cost may relate to identifying and storing locations of
various types of bits and handling of these bits in the encoder and/or decoder.

[0022] In Polar codes, input locations may be marked as data locations or frozen locations. This may simplify
implementation for both encoding operations and decoding operations. A single reliability bit sequence may be used
to identify which bits correspond to data and which bits correspond to frozen bits. In various embodiments, the data bits
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may also contain a CRC that may be used to assist list decoding in selecting suitable candidates as estimated data bits.
Typically, an associated CRC check may be considered a parallel operation that may be performed separately from a core
list Polar decoding algorithm.

[0023] Incontrast,in some new methods such as parity-check Polar coding, there may be an addition inputlocation type,
such as parity-check bits, in addition to data bits and frozen bits (e.g., frozen locations). These parity-check bits may be
interspersed, and may also form an additional linkage between a set of data bits and a set of parity-check bits. This may
lead to additional complexity as a number of parity-check bits and actual location for those bits within aninputmay varyas a
function of a data block size and a code rate.

[0024] Inthe example provided in Table 1 below, the first column (Kp) indicates a number of data bits, and the remaining
columns indicate various coding rates. In turn, the rows indicate, for various numbers of data bits, the number of parity-
check bits that may support a particular code rate. For example, for a number of data bits Kp = 40, to support a code rate of
1/5, afirst algorithm may be disposed to provide 31 parity-check bits, while a second algorithm may be disposed to provide
25 parity-check bits.

Table 1: example of number of parity-check bits b K and various code rates

Kp code rate

1/6 1/5 1/3 2/5 12 2/3 3/4 5/6 8/9
32 25 (27) 22 (22) 15 (15) 10 4 3 3 1 2
40 50 (26) 31 (25) 20 (20) 17 5 8 4 2 3
48 21 (35) 43 (25) 31 18 1 8 4 3 3
56 29 (28) 58 (27) 38 24 17 11 4 4 3
64 49 (73) 64 (26) 22 (22) 25 19 11 5 4 3
72 58 (91) 70 (80) 26 (26) 32 21 12 8 4 2
80 74 (91) 92 (80) 29 (29) 40 24 13 10 4 4
88 90 (100) 51 (84) 41 49 30 18 1 4 4
96 99 (118) 62 (80) 43 54 31 19 13 6 5
100 102 (121) 71 (79) 47 52 32 18 14 7 5
104 106 (121) 82 (101) 54 32 33 19 14 7 5
112 123 (122) 82 (109) 55 65 38 22 13 8 5
120 138 (120) 95 (112) 56 78 47 24 15 7 5
128 152 (119) 102 (104) 81 (81) 44 54 32 14 8 5
136 162 (125) 110 (109) 80 (80) 86 57 33 15 9 5
144 179 (124) 120 (105) 89 (89) 48 56 32 16 10 5
152 194 (126) 134 (110) 104 (104) 53 58 20 18 1 5
160 204 (117) 142 (107) 112 (112) 62 65 23 19 12 4
168 217 (224) 156 (112) 107 (107) 66 70 24 24 1 5
176 239 (157) 171 (104) 122 70 70 24 26 12 5
184 250 (166) 184 (222) 126 86 74 31 29 13 6
192 267 (162) 195 (213) 138 102 85 33 30 13 8
200 276 200 139 107 90 34 34 15 8

A Polar code length (e.g., a mother code length) of N may be a nearest power of two that is larger than Kp divided by
the code rate. The Polar code length N may then be used to determine a number of frozen bits, which may be equal to
the code length, minus the number of data bits, minus the number of parity-check bits (e.g., the bits remaining after
the data bits and parity-check bits are subtracted from the polar code length).

[0025] Continuing the example above, for Kp =40 data bitlocations and a code rate of 1/5, Kp divided by 1/5is 200, so the
Polar code length N = 256 (the nearest power of two that is larger than 200). For a Polar code length of 256, 40 data bit
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locations, and either 31 parity-check bit locations (for the first algorithm) or 25 parity-check bit locations (for the second
algorithm), there may be either 256 - 40 - 31 = 185 frozen bits (for the first algorithm), or 256 - 40 - 25 = 191 frozen bits (for the
second algorithm).

[0026] Ingeneral,anumber of PC bitsin a PC Polar code may be determined in accordance with the following equation:

E,=log; N x (a—lax(K/M —1/2)|%)

Where: K may be a number of information bits; N may be a mother code size of the Polar code used for encoding K
information bits (e.g., data bits) to generate M bits for transmission; and M may be a number of bits that are transmitted. In
some embodiments, Fp may be a threshold used in determining a number of parity-check bits, but the actual number of
parity-check bits may be determined based on a procedure having two stages. In a first stage, a small number of relatively
more-reliable bit positions may be marked for parity-check bits (and/or PC-frozen bits), and an additional, larger number of
relatively less-reliable bit positions may be marked for parity-check bits (and/or PC-frozen bits).

[0027] In various embodiments, for block sizes (e.g., numbers of data bits) between 40 and 100 bits, to support coded
sequences of lengths of {576,288,144,72} (which may be obtained, for example, by Polar coding and rate-matching),
numbers of combinations of rates and/or lengths may be approximately 60 x 4 = 120 combinations. Moreover, a design
may be disposed to providing storage for each combination for locations of data bits, parity-check bits, and/or frozen bits.
The arrangement of these bits (data, parity-check, and/or frozen) may impact aspects of decoding implementations
related to scheduling and latency. In addition, latency may vary for numbers of data bits that are close, yet different. For
example, for Kp =59 and for 576 coded bits, latency may be different than for K= 60 and 576 coded bits, even though they
are very close to each other in block length (e.g., number of data bits), and in addition the locations of data bits, PC-bits,
and/or frozen bits might also be different. This can be true, for example, in using a simplified successive cancellation list
decoder, or a multi-bit decoder.

[0028] Ingeneral, for each set of block size K (e.g., number of data bits), Polar code length / mother code length N, and
number of bits transmitted M, a number of PC-bits may be different, and the locations of the PC-bits may also be different.
Accommodating such differences may lead to increased complexity on the encoder side and/or the decoder side. For
example, with a block size K between 28 bits and 128 bits, and a number of bits transmitted M being {576,288,144, and/or
72}, there may be approximately 4 x 100 = 400 combinations to be supported; and for each combination, a design may be
disposed to provide storage to identify the number of PC-bits and the locations of the PC-bits on a Polar code input (e.g., on
an input of a Polar encoder). Moreover, a design may be disposed to providing an additional hardware decoder for many
cases, which may complicate the overall design.

[0029] Fig. 2illustrates an exemplary scenario of locations of data bits, parity-check bits, and frozen bits, in accordance
with some embodiments of the disclosure. A scenario 200 may relate to an embodiment having a Polar code size N = 256
bits, with parity-check bits occurring in different locations depending upon the data block size K.

[0030] Bitindices 191 through 228 of the 256 bits are depicted for various block sizes K (e.g., from K=57 to K= 64). For
each block size K, each bitindex may correspond to as being for data bits (labeled "I"), parity-check bits (labeled "PC"), and
frozen bits (labeled "F"). Parity-check bits may occur in different locations and may interfere with data locations.
[0031] According to the invention, a coarse set of block sizes for inputting into a Polar code is supported by applying a
padding step prior to encoding with a Polar code (e.g., a zero-padding step). This may advantageously enable the Polar
code patterns to be defined merely for a set of block sizes that a multiples of a predetermined number. For example, in
some embodiments, Polar code patterns may be defined merely for data blocks having sizes that are multiples of four (e.g.,
comprising 28, 32, 60, 64, and so on). Data blocks having other block sizes may then be supported by padding the data
block to obtain a data block having a size that is a multiple of four. The data block may be padded by adding numbers (such
as"0"sor"1"s)to abeginning of a data block an end of a data block, or before or after various predetermined positions of the
data block.

[0032] Fig. 3illustrates an exemplary scenario of locations of data bits, parity-check bits, and frozen bits, in accordance
with some embodiments of the disclosure. A scenario 300 may relate to an embodiment having a Polar code size N = 256
bits, with parity-check bits occurring in different locations depending upon the data block size K.

[0033] Bitindices 191 through 228 of the 256 bits are depicted for various block sizes K (e.g., from K= 57 to K=64). For
each block size K, each bitindex may correspond to as being for data bits (labeled "I"), parity-check bits (labeled "PC"), and
frozen bits (labeled "F"). Parity-check bits may occur in different locations and may interfere with data locations.
[0034] Scenario 200 may correspond with a padding scheme (e.g., a zero-padding scheme), in which data blocks are
padded with predetermined numbers (e.g., "0"). In comparison with scenario 200, for data block sizes K of 61 bits, 62 bits,
and 63 bits, the data bits ("I") may be padded with filler bits having a predetermined value known to both the transmitting
side and the receiving side (e.g., with "0") in order to form a padded data block having a size of 60 bits. A data block size of K
=61 bits may use 3filler bits, a data block size of K =62 may use 2filler bits, and a data block size of K=63 may use one filler
bit. In some embodiments, filler bits may be treated similar to frozen bits. Actual positions of filler bits within sets of data bits
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may be determined based on pre-determined rules (e.g., they may be placed before data bits, after data bits, or at
predetermined positions or locations within a set of data bits). For some embodiments, for example, filler bits may be zero
bits, and/or may be appended to an end of a set of data block bits.

[0035] Anencoder and a decoder may accordingly be able to support a fine range of input block sizes (e.g., at a one-bit
granularity) and/or rates merely by supporting a coarse range of input block sizes and/or rates set of sizes and/or rates. In
some embodiments, the pre-determined filler bits may be treated as frozen bits in the decoding procedure, or may be
handled via other means. Such a technique may advantageously improve encoder and/or decoder implementations, while
reducing the risks to performance and retaining flexibility.

[0036] Fig.4 illustrates an exemplary circuitry comprising a Polar encoder, in accordance with some embodiments of the
disclosure. A circuitry 400 may accommodate an input data block of length K (e.g., a data block of length Kp). The data
block of length K may be provided to a filler bit determination unit, along with a set of block sizes supported by the Polar
encoder for circuitry 400 (e.g., a block size Ksupported may be a multiple of four, such as {24, 28, 32, 36, and so on, through
128}). Thefiller bit determination unit may then determine a number of filler bits to be used based on the data block length
and the block sizes supported for the Polar encoder. Thefiller bit determination unit may output a padded data block (e.g., a
filler-bit-attached data block) of length K'. Although filler bits are depicted as being attached, in various embodiments, they
may be placed in any order, including being interspersed among the K data bits. (The number of filler bits may be indicated
as Fb; for example, for K =45, Fb = 3 and K’ = 48.)

[0037] A Polarcode parameter setdetermination unit may determine a Polar code sequence to use, and locations of the
data bits, parity-check bits, and frozen bits may be determined for the padded data block of length K’. The Polar code
parameter set determination unit may take as input a number of coded bits to determine, and any other inputs that may be
used to determine a Polar code parameter set.

[0038] The padded data block of length K’ and the Polar code parameter set (e.g., as determined by the Polar encoder
parameter set determination unit) may be provided to a Polar encoder, which may output a Polar codeword having a
number N of bits. A rate-matching unit may then take the Polar codeword having N bits as an input and may form a
transmitted codeword having a desired number of bits M for transmission.

[0039] Accordingtotheinvention: the data block has a first number of bits N1 (e.g., Kp bits as discussed herein, and/or K
as depicted in Fig. 4); the filler bits has a second number of bits N2 (e.g., Fb bits as discussed herein); the padded data
block has a third number of bits N3 (e.g., "I" as depicted in Fig. 3, and/or K’ as depicted in Fig. 4); the Polar codeword has a
fourth number of bits N4 (e.g., N as discussed herein and/or depicted in Fig. 4); the parity-check bits is a fifth number of bits
N5 (e.g., "PC" as depicted in Fig. 3); and the frozen bits is a sixth number of bits N6 (e.g., "F" as depicted in Fig. 3). Various
embodiments may follow the following relationships:

N1+ N2=N3

N3 + N5 + N6 = N4

[0040] Insome embodiments, a UE may implement a circuitry 400 for, e.g., Uplink (UL) transmissions, such as UCI. In
some embodiments, a gNB may implement a circuitry 400 for, e.g., Downlink (DL) transmissions, such as DCI.

[0041] Fig.5illustrates an exemplary circuitry comprising a Polar decoder, in accordance with some embodiments of the
disclosure. A circuitry 500 may comprise a Polar decoder parameter set determination unit, which may determine a Polar
code sequence being used, and locations of the data bits, parity-check bits, and frozen bits for a padded data block of
length K. In turn, the padded data block length of K’ may be established by virtue of comparing an expected data block
length K for the incoming data block against a set of block sizes supported by the Polar decoder for circuitry 500 (e.g., a
block size K supported may be a multiple of four, such as {24, 28, 32, 36, and so on, through 128}).

[0042] A de-rate-matching unit may have accommodate a received codeword of length M. A de-rate-matching unit may
take the received codeword of having M bits as an input and may form a Polar codeword having N bits as an output. A Polar
decoder may then take the Polar codeword having N bits as an input, and based on a Polar decoder parameter set (e.g., as
determined by the Polar decoder parameter set determination unit, which may include the number K of data bits and filler
bits, and/or their locations), the Polar decoder may obtain an estimate of the original data. The estimate of the original data
may comprise the number K of data bits and/or their locations, the number Fb of filler bits and/or their locations, or both
(e.g., the numberK’ of data bits and filler bits and/or their locations). Circuitry 500 may accordingly determine the location of
data bits, filler bits, parity check bits, and frozen bits in a received codeword.

[0043] For various embodiments: the Polar codeword may have a first number of bits M1 (e.g., N as discussed herein
and/or depicted in Fig. 5); the padded data block may have a second number of bits M2 (e.g., "I" as depicted in Fig. 3,
and/or K’ as depicted in Fig. 5); the filler bits may be a third number of bits M3 (e.g., Fb bits as discussed herein); the data
block may have a fourth number of bits M4 (e.g., Kp bits as discussed herein, and/or K as depicted in Fig. 5); the parity-
check bits may be a fifth number of bits M5 (e.g., "PC" as depicted in ); and the frozen bits may be a sixth number of bits M6
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(e.g., "F" as depicted in Fig. 3). Various embodiments may follow the following relationships:
Mg + M3 =Mz2

M2 + M5 + M6 = M1

[0044] In some embodiments, a gNB may implement a circuitry 500 for, e.g., DL transmissions, such as DCI. In some
embodiments, a UE may implement a circuitry 500 for, e.g., UL transmissions, such as UCI.

[0045] Fig.6illustrates aneNB and a UE, in accordance with some embodiments of the disclosure. Fig. 6 includes block
diagrams of an eNB 610 and a UE 630 which are operable to co-exist with each other and other elements of an LTE
network. High-level, simplified architectures of eNB 610 and UE 630 are described so as not to obscure the embodiments.
It should be noted that in some embodiments, eNB 610 may be a stationary non-mobile device.

[0046] eNB 610 is coupled to one or more antennas 605, and UE 630 is similarly coupled to one or more antennas 625.
However, in some embodiments, eNB 610 may incorporate or comprise antennas 605, and UE 630 in various embodi-
ments may incorporate or comprise antennas 625.

[0047] In some embodiments, antennas 605 and/or antennas 625 may comprise one or more directional or omni-
directional antennas, including monopole antennas, dipole antennas, loop antennas, patch antennas, microstrip anten-
nas, coplanar wave antennas, or other types of antennas suitable for transmission of RF signals. In some MIMO (multiple-
input and multiple output) embodiments, antennas 605 are separated to take advantage of spatial diversity.

[0048] eNB 610 and UE 630 are operable to communicate with each other on a network, such as a wireless network.
eNB 610 and UE 630 may be in communication with each other over a wireless communication channel 650, which has
both a downlink path from eNB 610 to UE 630 and an uplink path from UE 630 to eNB 610.

[0049] Asillustratedin Fig. 6,in some embodiments, eNB 610 may include a physical layer circuitry 612, a MAC (media
access control) circuitry 614, a processor 616, a memory 618, and a hardware processing circuitry 620. A person skilled in
the art will appreciate that other components not shown may be used in addition to the components shown to form a
complete eNB.

[0050] Insomeembodiments, physicallayer circuitry 612includes a transceiver 613 for providing signals to and from UE
630. Transceiver 613 provides signals to and from UEs or other devices using one or more antennas 605. In some
embodiments, MAC circuitry 614 controls access to the wireless medium. Memory 618 may be, or may include, a storage
media/medium such as a magnetic storage media (e.g., magnetic tapes or magnetic disks), an optical storage media (e.g.,
optical discs), an electronic storage media (e.g., conventional hard disk drives, solid-state disk drives, or flash-memory-
based storage media), or any tangible storage media or non-transitory storage media. Hardware processing circuitry 620
may comprise logic devices or circuitry to perform various operations. In some embodiments, processor 616 and memory
618 are arranged to perform the operations of hardware processing circuitry 620, such as operations described herein with
reference to logic devices and circuitry within eNB 610 and/or hardware processing circuitry 620.

[0051] Accordingly, in some embodiments, eNB 610 may be a device comprising an application processor, a memory,
one or more antenna ports, and an interface for allowing the application processor to communicate with another device.
[0052] Asisalsoillustrated in Fig. 6, in some embodiments, UE 630 may include a physical layer circuitry 632, a MAC
circuitry 634, a processor 636, a memory 638, a hardware processing circuitry 640, a wireless interface 642, and a display
644. A person skilled in the art would appreciate that other components not shown may be used in addition to the
components shown to form a complete UE.

[0053] In some embodiments, physical layer circuitry 632 includes a transceiver 633 for providing signals to and from
eNB 610 (as well as other eNBs). Transceiver 633 provides signals to and from eNBs or other devices using one or more
antennas 625. In some embodiments, MAC circuitry 634 controls access to the wireless medium. Memory 638 may be, or
may include, a storage media/medium such as a magnetic storage media (e.g., magnetic tapes or magnetic disks), an
optical storage media (e.g., optical discs), an electronic storage media (e.g., conventional hard disk drives, solid-state disk
drives, or flash-memory -based storage media), or any tangible storage media or non-transitory storage media. Wireless
interface 642 may be arranged to allow the processor to communicate with another device. Display 644 may provide a
visual and/or tactile display for a user to interact with UE 630, such as a touch-screen display. Hardware processing
circuitry 640 may comprise logic devices or circuitry to perform various operations. In some embodiments, processor 636
and memory 638 may be arranged to perform the operations of hardware processing circuitry 640, such as operations
described herein with reference to logic devices and circuitry within UE 630 and/or hardware processing circuitry 640.
[0054] Accordingly, in some embodiments, UE 630 may be a device comprising an application processor, a memory,
one or more antennas, a wireless interface for allowing the application processor to communicate with another device, and
a touch-screen display.

[0055] Elements of Fig. 6, and elements of other figures having the same names or reference numbers, can operate or
function in the manner described herein with respect to any such figures (although the operation and function of such
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elements is not limited to such descriptions). For example, Figs. 7-8 and 11-12 also depict embodiments of eNBs,
hardware processing circuitry of eNBs, UEs, and/or hardware processing circuitry of UEs, and the embodiments described
with respect to Fig. 6 and Figs. Figs. 7-8 and 11-12 can operate or function in the manner described herein with respect to
any of the figures.

[0056] In addition, although eNB 610 and UE 630 are each described as having several separate functional elements,
one or more of the functional elements may be combined and may be implemented by combinations of software-
configured elements and/or other hardware elements. In some embodiments of this disclosure, the functional elements
can refer to one or more processes operating on one or more processing elements. Examples of software and/or hardware
configured elements include Digital Signal Processors (DSPs), one or more microprocessors, DSPs, Field-Program-
mable Gate Arrays (FPGAs), Application Specific Integrated Circuits (ASICs), Radio-Frequency Integrated Circuits
(RFICs), and so on.

[0057] Fig. 7 illustrates hardware processing circuitries for a UE for supporting filler bit attachment in Polar encoding
schemes, in accordance with some embodiments of the disclosure. With reference to Fig. 6, a UE may include various
hardware processing circuitries discussed herein (such as hardware processing circuitry 700 of Fig. 7), which may in turn
comprise logic devices and/or circuitry operable to perform various operations. For example, in Fig. 6, UE 630 (or various
elements or components therein, such as hardware processing circuitry 640, or combinations of elements or components
therein) may include part of, or all of, these hardware processing circuitries.

[0058] In some embodiments, one or more devices or circuitries within these hardware processing circuitries may be
implemented by combinations of software-configured elements and/or other hardware elements. For example, processor
636 (and/or one or more other processors which UE 630 may comprise), memory 638, and/or other elements or
components of UE 630 (which may include hardware processing circuitry 640) may be arranged to perform the operations
ofthese hardware processing circuitries, such as operations described herein with reference to devices and circuitry within
these hardware processing circuitries. In some embodiments, processor 636 (and/or one or more other processors which
UE 630 may comprise) may be a baseband processor.

[0059] Returning to Fig. 7, an apparatus of UE 630 (or another UE or mobile handset), which may be operable to
communicate with one or more eNBs on a wireless network, may comprise hardware processing circuitry 700. In some
embodiments, hardware processing circuitry 700 may comprise one or more antenna ports 705 operable to provide
various transmissions over a wireless communication channel (such as wireless communication channel 650). Antenna
ports 705 may be coupled to one or more antennas 707 (which may be antennas 625). In some embodiments, hardware
processing circuitry 700 may incorporate antennas 707, while in other embodiments, hardware processing circuitry 700
may merely be coupled to antennas 707.

[0060] Antenna ports 705and antennas 707 may be operable to provide signals from a UE to a wireless communications
channel and/or an eNB, and may be operable to provide signals from an eNB and/or a wireless communications channel to
a UE. For example, antenna ports 705 and antennas 707 may be operable to provide transmissions from UE 630 to
wireless communication channel 650 (and from there to eNB 610, or to another eNB). Similarly, antennas 707 and antenna
ports 705 may be operable to provide transmissions from a wireless communication channel 650 (and beyond that, from
eNB 610, or another eNB) to UE 630.

[0061] Hardware processing circuitry 700 may comprise various circuitries operable in accordance with the various
embodiments discussed herein. With reference to Fig. 7, hardware processing circuitry 700 may comprise a first circuitry
710, a second circuitry 720, a third circuitry 730, and/or a fourth circuitry 740.

[0062] Firstcircuitry 710 is operable to identify a data block having a number N1 of bits. Second circuitry 720 is operable
to determine a number N2 of filler bits based on a set of parameters and the N1 of bits of the data block. First circuitry 710is
operable to provide information regarding the number N1 of bits of the data block (e.g., the number N1 itself) to second
circuitry 720 via aninterface 712. Third circuitry 730 is operable to pad the data block with the N2 filler bits to form a padded
data block having a number N3 of bits. Second circuitry 720 is operable to provide information regarding the number N2 of
filler bits (e.g., the number N2 itself) to third circuitry 730 via an interface 722. Fourth circuitry 740 is operable to encode the
N3 bits of the padded data block to form a Polar codeword having a number N4 of bits. Third circuitry 730 is operable to
information regarding the padded data block having the number N3 of bits (e.g., the padded data block itself) to fourth
circuitry 740 via an interface 732. Hardware processing circuitry 700 comprises an interface for sending a transmission
based on the Polar codeword to a transmission circuitry.

[0063] In some embodiments, the data block may be a UCI block.

second circuitry 720 is operable to identify, based on atleast the number N3, a number N5 of parity-check bits and locations
ataninputofaPolarencoder forthe N5 parity-check bits. Second circuitry 720 is also operable to identify N3 locations atan
input of the Polar encoder for inserting the N3 bits of the padded data block. Fourth circuitry 740 is operable to encode the
N3 bits of the padded data block, the N5 parity-check bits, and a number N6 of frozen bits to form the N4 bits of the Polar
codeword. Second circuitry 720 is operable to provide the number N3 of parity-check bits and locations at the input of the
Polar encoder for the N5 parity-check bits to third circuitry 730 (and through third circuitry 730, to fourth circuitry 740) via
interface 722.
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[0064] In some embodiments, second circuitry 720 may be operable to identify N3 locations at an input of a Polar
encoder for placing the N3 bits of the padded data block, based on a sequence. Second circuitry may also be operable to
identify anumber N6 of locations at the input of the Polar encoder for placing N6 frozen bits, based on the sequence. Fourth
circuitry 740 may be operable to encode at least the N3 bits of the padded data block and the N6 frozen bits to form the N4
bits of the Polar codeword. Second circuitry 720 may be operable to provide the number N6 of locations at the input of the
Polar encoder for placing N6 frozen bits to third circuitry 730 (and through third circuitry 730, to fourth circuitry 740) via
interface 722.

[0065] The setofparameters consists of arange of supported block sizes which are multiples of atleast one of: 2 bits, or 4
bits, or 8 bits. For some embodiments, the N2 filler bits may be concatenated to an initial bit of the data block. In some
embodiments, the N2 filler bits may be concatenated to a final bit of the data block. For some embodiments, the N2 filler bits
may be dispersed within the data block.

[0066] Insomeembodiments, first circuitry 710, second circuitry 720, third circuitry 730, and/or fourth circuitry 740 may
be implemented as separate circuitries. In other embodiments, first circuitry 710, second circuitry 720, third circuitry 730,
and/or fourth circuitry 740 may be combined and implemented together in a circuitry without altering the essence of the
embodiments.

[0067] Fig. 8illustrates hardware processing circuitries for an eNB for supporting filler bit attachment in Polar encoding
schemes, in accordance with some embodiments of the disclosure. With reference to Fig. 6, an eNB may include various
hardware processing circuitries discussed herein (such as hardware processing circuitry 800 of Fig. 8), which may in turn
comprise logic devices and/or circuitry operable to perform various operations. Forexample, in Fig. 6, eNB 610 (or various
elements or components therein, such as hardware processing circuitry 620, or combinations of elements or components
therein) may include part of, or all of, these hardware processing circuitries.

[0068] In some embodiments, one or more devices or circuitries within these hardware processing circuitries may be
implemented by combinations of software-configured elements and/or other hardware elements. For example, processor
616 (and/or one or more other processors which eNB 610 may comprise), memory 618, and/or other elements or
components of eNB 610 (which may include hardware processing circuitry 620) may be arranged to perform the
operations of these hardware processing circuitries, such as operations described herein with reference to devices
and circuitry within these hardware processing circuitries. In some embodiments, processor 616 (and/or one or more other
processors which eNB 610 may comprise) may be a baseband processor.

[0069] Returning to Fig. 8, an apparatus of eNB 610 (or another eNB or base station), which may be operable to
communicate with one or more UEs on a wireless network, may comprise hardware processing circuitry 800. In some
embodiments, hardware processing circuitry 800 may comprise one or more antenna ports 805 operable to provide
various transmissions over a wireless communication channel (such as wireless communication channel 650). Antenna
ports 805 may be coupled to one or more antennas 807 (which may be antennas 605). In some embodiments, hardware
processing circuitry 800 may incorporate antennas 807, while in other embodiments, hardware processing circuitry 800
may merely be coupled to antennas 807.

[0070] Antenna ports 805 and antennas 807 may be operable to provide signals from an eNB to a wireless commu-
nications channel and/or a UE, and may be operable to provide signals from a UE and/or a wireless communications
channelto an eNB. Forexample, antenna ports 805 and antennas 807 may be operable to provide transmissions from eNB
610 to wireless communication channel 650 (and from there to UE 630, or to another UE). Similarly, antennas 807 and
antenna ports 805 may be operable to provide transmissions from a wireless communication channel 650 (and beyond
that, from UE 630, or another UE) to eNB 610.

[0071] Hardware processing circuitry 800 may comprise various circuitries operable in accordance with the various
embodiments discussed herein. With reference to Fig. 8, hardware processing circuitry 800 may comprise a first circuitry
810, a second circuitry 820, and/or a third circuitry 830.

[0072] First circuitry 810 is operable to decode a Polar codeword having a number M1 of bits to extract a padded data
block having a number M2 of bits. Second circuitry 820 is operable to determine a number M3 of filler bits based on a
number M4 of bits of a data block within the padded data block and a set of parameters. First circuitry 810 is operable to
provide information regarding the padded data block (e.g., the padded data block itself) to second circuitry 820 via an
interface 812, and to third circuitry 830 via an interface 814. Third circuitry 830 is operable to de-pad the M2 bits of the
padded data block to form a data block having the number M4 of bits. Second circuitry 820 is operable to provide
information regarding the number M3 of filler bits (e.g., locations of the M3 filler bits) to third circuitry 830 via an interface
822. Hardware processing circuitry 800 comprises an interface for receiving a transmission based on the Polar codeword
from a receiving circuitry.

[0073] In some embodiments, the data block may be a UCI block.

[0074] Second circuitry 820 is operable to identify, based on at least the number M2, a number M5 of parity-check bits
andlocations ata Polardecoder (e.g., at an output of the Polar decoder) for the M5 parity-check bits. Second circuitry 820 is
also operable to identify M2 locations at the Polar decoder (e.g., at an output of the Polar decoder) for removing the M2 bits
of the padded data block. First circuitry 820 is operable to decode, from the M1 bits of the Polar codeword, at least one of:
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the M2 bits of the padded data block; the M5 parity-check bits; and a number M6 of frozen bits. Second circuitry 820 is
operable to provide information regarding the number M5 of parity-check bits and locations at the Polar decoder for the M5
parity-check bits to first circuitry 810 via the interface 812.

[0075] Insome embodiments, second circuitry 820 may be operable to identify M2 locations at a Polar decoder (e.g., at
an output of the Polar decoder) for extracting the M2 bits of the padded data block, based on a sequence. Second circuitry
820 may also be operable to identify a number M6 of locations at the Polar decoder (e.g., at an output of the Polar decoder)
for extracting M6 frozen bits, based on the sequence. First circuitry 820 may be operable to decode, from the M1 bits of the
frozen codeword, at least one of: the M2 bits of the padded data block; and the M6 frozen bits. Second circuitry 820 may be
operable to provide information regarding the number M6 of frozen bits at the Polar decoder to first circuitry 810 via the
interface 812.

[0076] The setofparameters consists of arange of supported block sizes which are multiples of atleast one of: 2 bits, or 4
bits, or 8 bits. For some embodiments, the M3 filler bits may be concatenated to an initial bit of the data block. In some
embodiments, the M3 filler bits may be concatenated to a final bit of the data block. For some embodiments, the M3 filler
bits may be dispersed within the data block.

[0077] Insome embodiments, first circuitry 810, second circuitry 820, and/or third circuitry 830 may be implemented as
separate circuitries. In other embodiments, first circuitry 810, second circuitry 820, and/or third circuitry 830 may be
combined and implemented together in a circuitry without altering the essence of the embodiments.

[0078] Fig.9illustrates methods for a UE for supporting filler bit attachment in Polar encoding schemes, in accordance
with some embodiments of the disclosure. With reference to Fig. 6, methods that may relate to UE 630 and hardware
processing circuitry 640 are discussed herein. Although the actions in method 900 of Fig. 9 are shown in a particular order,
the order of the actions can be modified. Thus, the illustrated embodiments can be performed in a different order, and some
actions may be performed in parallel. Some of the actions and/or operations listed in Fig. 9 are optional in accordance with
certain embodiments. The numbering of the actions presented is for the sake of clarity and is not intended to prescribe an
order of operations in which the various actions must occur. Additionally, operations from the various flows may be utilized
in a variety of combinations.

[0079] Moreover, in some embodiments, machine readable storage media may have executable instructions that, when
executed, cause UE 630 and/or hardware processing circuitry 640 to perform an operation comprising the methods of Fig.
9. Such machine readable storage media may include any of a variety of storage media, like magnetic storage media (e.g.,
magnetic tapes or magnetic disks), optical storage media (e.g., optical discs), electronic storage media (e.g., conventional
hard disk drives, solid-state disk drives, or flash-memory-based storage media), or any other tangible storage media or
non-transitory storage media.

[0080] According to the invention, an apparatus comprises means for performing various actions and/or operations of
the methods of Fig. 9.

[0081] Returning to Fig. 9, various methods may be in accordance with the various embodiments discussed herein. A
method 900 according to the invention comprises an identifying 910, a determining 915, a padding 920, and an encoding
925. According to the invention, method 900 also comprises an identifying 930, an identifying 935, and an encoding 940,
and may further comprise an identifying 950, an identifying 955, and/or an encoding 960.

[0082] Inidentifying 910, a data block having a number N1 of bits is identified. In determining 915, a number N2 of filler
bits is determined based on a set of parameters and the N1 of bits of the data block. In padding 920, the data block is
padded with the N2 filler bits to form a padded data block having a number N3 of bits. In encoding 925, the N3 bits of the
padded data block are encoded to form a Polar codeword having a number N4 of bits.

[0083] In some embodiments, the data block may be a UCI block.

[0084] Further according to the invention, in identifying 930, based on at least the number N3, a number N5 of parity-
check bits and locations at an input of a Polar encoder for the N5 parity-check bits is identified. In identifying 935, N3
locations at an input of the Polar encoder for inserting the N3 bits of the padded data block are identified. In encoding 940,
the N3 bits of the padded data block, the N5 parity-check bits, and a number N6 of frozen bits are encoded to form the N4
bits of the Polar codeword.

[0085] Insomeembodiments, inidentifying 950, N3 locations at an input of a Polar encoder for placing the N3 bits of the
padded data block may be identified, based on a sequence. In identifying 955, a number N6 of locations at the input of the
Polar encoder for placing N6 frozen bits may be identified, based on the sequence. In encoding 960, at least the N3 bits of
the padded data block and the N6 frozen bits may be encoded to form the N4 bits of the Polar codeword.

[0086] According to the invention, the set of parameters consists of a set of a range of supported block sizes which are
multiples of at least one of: 2 bits, or 4 bits, or 8 bits. For some embodiments, the N2 filler bits may be concatenated to an
initial bit of the data block. In some embodiments, the N2 filler bits may be concatenated to a final bit of the data block. For
some embodiments, the N2 filler bits may be dispersed within the data block.

[0087] Fig. 10 illustrates methods for an eNB for supporting filler bit attachment in Polar encoding schemes, in
accordance with the invention. With reference to Fig. 6, various methods that may relate to eNB 610 and hardware
processing circuitry 620 are discussed herein. Although the actions in method 1000 of Fig. 10 are shown in a particular
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order, the order of the actions can be modified. Thus, the illustrated embodiments can be performed in a different order, and
some actions may be performed in parallel. Some of the actions and/or operations listed in Fig. 10 are optional in
accordance with certain embodiments. The numbering of the actions presented is for the sake of clarity and is not intended
to prescribe an order of operations in which the various actions must occur. Additionally, operations from the various flows
may be utilized in a variety of combinations.

[0088] Moreover, in some embodiments, machine readable storage media may have executable instructions that, when
executed, cause eNB 610 and/or hardware processing circuitry 620 to perform an operation comprising the methods of
Fig. 10. Such machine readable storage media may include any of a variety of storage media, like magnetic storage media
(e.g., magnetic tapes or magnetic disks), optical storage media (e.g., optical discs), electronic storage media (e.g.,
conventional hard disk drives, solid-state disk drives, or flash-memory-based storage media), or any other tangible
storage media or non-transitory storage media.

[0089] According to the invention, an apparatus comprises means for performing various actions and/or operations of
the methods of Fig. 10.

[0090] Returning to Fig. 10, various methods may be in accordance with the various embodiments discussed herein.
According to the invention, a method 1000 comprises a decoding 1010, a determining 1015, and a de-padding 1020.
Method 1000 also comprises an identifying 1030, an identifying 1035, a decoding 1040, and may also comprise an
identifying 1050, an identifying 1055, and/or a decoding 1060.

[0091] Indecoding 1010, a Polar codeword having a number M1 of bits is decoded to extract a padded data block having
a number M2 of bits. In determining 1015, a number M3 of filler bits is determined based on a number M4 of bits of a data
block within the padded data block and a set of parameters. In de-padding 1020, the M2 bits of the padded data block are
de-padded to form a data block having the number M4 of bits.

[0092] In some embodiments, the data block may be a UCI block.

[0093] Accordingtotheinvention,inidentifying 1030, based on atleastthe number M2, a number M5 of parity-check bits
and locations at a Polar decoder (e.g., at an output of the Polar decoder) for the M5 parity-check bits are identified. In
identifying 1035, M2 locations at the Polar decoder (e.g., at the output of the Polar decoder) for removing the M2 bits of the
padded data block are identified. In decoding 1040, the M2 bits of the padded data block, the M5 parity-check bits, and/ora
number M6 of frozen bits are decoded from the M1 bits of the Polar codeword.

[0094] Inidentifying 1050, M2 locations ata Polar decoder (e.g., at the output of the Polar decoder) for extracting the M2
bits of the padded data block may be identified, based on a sequence. Inidentifying 1055, a number M6 of locations at the
Polar decoder (e.g., at the output of the Polar decoder) for extracting M6 frozen bits may be identified, based on the
sequence. In decoding 1060, the M2 bits of the padded data block and/or the M6 frozen bits may be decoded from the M1
bits of the frozen codeword.

[0095] According tothe invention, the set of parameters consists of a range of supported block sizes which are multiples
of at least one of: 2 bits, or 4 bits, or 8 bits. For some embodiments, the M3 filler bits may be concatenated to an initial bit of
the data block. In some embodiments, the M3 filler bits may be concatenated to a final bit of the data block. For some
embodiments, the M3 filler bits may be dispersed within the data block.

[0096] Fig. 11 illustrates example components of a device, in accordance with some embodiments of the disclosure. In
some embodiments, the device 1100 may include application circuitry 1102, baseband circuitry 1104, Radio Frequency
(RF) circuitry 1106, front-end module (FEM) circuitry 1108, one or more antennas 1110, and power management circuitry
(PMC) 1112 coupled together at least as shown. The components of the illustrated device 1100 may be included in a UE or
a RAN node. In some embodiments, the device 1100 may include less elements (e.g., a RAN node may not utilize
application circuitry 1102, and instead include a processor/controller to process IP data received from an EPC). In some
embodiments, the device 1100 may include additional elements such as, for example, memory /storage, display, camera,
sensor, or input/output (I/O) interface. In other embodiments, the components described below may be included in more
than one device (e.g., said circuitries may be separately included in more than one device for Cloud-RAN (C-RAN)
implementations).

[0097] The application circuitry 1102 may include one or more application processors. For example, the application
circuitry 1102 may include circuitry such as, but not limited to, one or more single-core or multi-core processors. The
processor(s) may include any combination of general-purpose processors and dedicated processors (e.g., graphics
processors, application processors, and so on). The processors may be coupled with or may include memory /storage and
may be configured to execute instructions stored in the memory /storage to enable various applications or operating
systems to run on the device 1100. In some embodiments, processors of application circuitry 1102 may process IP data
packets received from an EPC.

[0098] The baseband circuitry 1104 may include circuitry such as, but notlimited to, one or more single-core or multi-core
processors. The baseband circuitry 1104 may include one or more baseband processors or control logic to process
baseband signals received from a receive signal path of the RF circuitry 1106 and to generate baseband signals for a
transmit signal path of the RF circuitry 1106. Baseband processing circuity 1104 may interface with the application circuitry
1102 for generation and processing of the baseband signals and for controlling operations of the RF circuitry 1106. For

12



10

15

20

25

30

35

40

45

50

55

EP 3 602 798 B1

example, in some embodiments, the baseband circuitry 1104 may include a third generation (3G) baseband processor
1104A, a fourth generation (4G) baseband processor 1104B, a fifth generation (5G) baseband processor 1104C, or other
baseband processor(s) 1104D for other existing generations, generations in development or to be developed in the future
(e.g., second generation (2G), sixth generation (6G), and so on). The baseband circuitry 1104 (e.g., one or more of
baseband processors 1104A-D) may handle various radio control functions that enable communication with one or more
radio networks via the RF circuitry 1106. In other embodiments, some or all of the functionality of baseband processors
1104A-D may be included in modules stored in the memory 1104G and executed via a Central Processing Unit (CPU)
1104E. The radio control functions may include, but are not limited to, signal modulation/demodulation, encoding/decod-
ing, radio frequency shifting, and so on. In some embodiments, modulation/demodulation circuitry of the baseband
circuitry 1104 may include Fast-Fourier Transform (FFT), precoding, or constellation mapping/demapping functionality. In
some embodiments, encoding/decoding circuitry of the baseband circuitry 1104 may include convolution, tail-biting
convolution, turbo, Viterbi, or Low Density Parity Check (LDPC) encoder/decoder functionality. Embodiments of mod-
ulation/demodulation and encoder/decoder functionality are not limited to these examples and may include other suitable
functionality in other embodiments.

[0099] In some embodiments, the baseband circuitry 1104 may include one or more audio digital signal processor(s)
(DSP) 1104F. The audio DSP(s) 1104F may include elements for compression/decompression and echo cancellation and
may include other suitable processing elements in other embodiments. Components of the baseband circuitry may be
suitably combined in a single chip, a single chipset, or disposed on a same circuit board in some embodiments. In some
embodiments, some or all of the constituent components of the baseband circuitry 1104 and the application circuitry 1102
may be implemented together such as, for example, on a system on a chip (SOC).

[0100] Insomeembodiments, the baseband circuitry 1104 may provide for communication compatible with one or more
radio technologies. For example, in some embodiments, the baseband circuitry 1104 may support communication with an
evolved universal terrestrial radio access network (EUTRAN) or other wireless metropolitan area networks (WMAN), a
wireless local area network (WLAN), a wireless personal area network (WPAN). Embodiments in which the baseband
circuitry 1104 is configured to support radio communications of more than one wireless protocol may be referred to as
multi-mode baseband circuitry.

[0101] RF circuitry 1106 may enable communication with wireless networks using modulated electromagnetic radiation
through a non-solid medium. In various embodiments, the RF circuitry 1106 may include switches, filters, amplifiers, and
so on to facilitate the communication with the wireless network. RF circuitry 1106 may include a receive signal path which
may include circuitry to down-convert RF signals received from the FEM circuitry 1108 and provide baseband signals to the
baseband circuitry 1104. RF circuitry 1106 may also include a transmit signal path which may include circuitry to up-convert
baseband signals provided by the baseband circuitry 1104 and provide RF output signals to the FEM circuitry 1108 for
transmission.

[0102] In some embodiments, the receive signal path of the RF circuitry 1106 may include mixer circuitry 1106 A,
amplifier circuitry 1106B and filter circuitry 1106C. In some embodiments, the transmit signal path of the RF circuitry 1106
may include filter circuitry 1106C and mixer circuitry 1106A. RF circuitry 1106 may also include synthesizer circuitry 1106D
for synthesizing a frequency for use by the mixer circuitry 1106 A of the receive signal path and the transmit signal path. In
some embodiments, the mixer circuitry 1106 A of the receive signal path may be configured to down-convert RF signals
received from the FEM circuitry 1108 based on the synthesized frequency provided by synthesizer circuitry 1106D. The
amplifier circuitry 1106B may be configured to amplify the down-converted signals and the filter circuitry 1106C may be a
low-pass filter (LPF) or band-pass filter (BPF) configured to remove unwanted signals from the down-converted signals to
generate output baseband signals. Output baseband signals may be provided to the baseband circuitry 1104 for further
processing. In some embodiments, the output baseband signals may be zero-frequency baseband signals, although this
is not a requirement. In some embodiments, mixer circuitry 1106 A of the receive signal path may comprise passive mixers,
although the scope of the embodiments is not limited in this respect.

[0103] Insomeembodiments, the mixer circuitry 1106A of the transmit signal path may be configured to up-convertinput
baseband signals based on the synthesized frequency provided by the synthesizer circuitry 1106D to generate RF output
signals for the FEM circuitry 1108. The baseband signals may be provided by the baseband circuitry 1104 and may be
filtered by filter circuitry 1106C.

[0104] In some embodiments, the mixer circuitry 1106A of the receive signal path and the mixer circuitry 1106A of the
transmit signal path may include two or more mixers and may be arranged for quadrature downconversion and
upconversion, respectively. In some embodiments, the mixer circuitry 1106 A of the receive signal path and the mixer
circuitry 1106A of the transmit signal path may include two or more mixers and may be arranged for image rejection (e.g.,
Hartley image rejection). In some embodiments, the mixer circuitry 1106 A of the receive signal path and the mixer circuitry
1106 A may be arranged for direct downconversion and direct upconversion, respectively. In some embodiments, the
mixer circuitry 1106A of the receive signal path and the mixer circuitry 1106A of the transmit signal path may be configured
for superheterodyne operation.

[0105] In some embodiments, the output baseband signals and the input baseband signals may be analog baseband

13



10

15

20

25

30

35

40

45

50

55

EP 3 602 798 B1

signals, although the scope of the embodiments is not limited in this respect. In some alternate embodiments, the output
baseband signals and the input baseband signals may be digital baseband signals. In these alternate embodiments, the
RF circuitry 1106 may include analog-to-digital converter (ADC) and digital-to-analog converter (DAC) circuitry and the
baseband circuitry 1104 may include a digital baseband interface to communicate with the RF circuitry 1106.

[0106] Insome dual-mode embodiments, a separate radio IC circuitry may be provided for processing signals for each
spectrum, although the scope of the embodiments is not limited in this respect.

[0107] In some embodiments, the synthesizer circuitry 1106D may be a fractional-N synthesizer or a fractional N/N+1
synthesizer, although the scope of the embodiments is not limited in this respect as other types of frequency synthesizers
may be suitable. For example, synthesizer circuitry 1106D may be a delta-sigma synthesizer, a frequency multiplier, or a
synthesizer comprising a phase-locked loop with a frequency divider.

[0108] The synthesizer circuitry 1106D may be configured to synthesize an output frequency for use by the mixer
circuitry 1106 A of the RF circuitry 1106 based on a frequency input and a divider control input. In some embodiments, the
synthesizer circuitry 1106D may be a fractional N/N+1 synthesizer.

[0109] Insomeembodiments, frequency input may be provided by a voltage controlled oscillator (VCO), although that is
not a requirement. Divider control input may be provided by either the baseband circuitry 1104 or the applications
processor 1102 depending on the desired output frequency. In some embodiments, a divider control input (e.g., N) may be
determined from a look-up table based on a channel indicated by the applications processor 1102.

[0110] Synthesizer circuitry 1106D of the RF circuitry 1106 may include a divider, a delay-locked loop (DLL), a
multiplexer and a phase accumulator. In some embodiments, the divider may be a dual modulus divider (DMD) and
the phase accumulator may be a digital phase accumulator (DP A). In some embodiments, the DMD may be configured to
divide the input signal by either N or N+1 (e.g., based on a carry out) to provide a fractional division ratio. In some example
embodiments, the DLL may include a set of cascaded, tunable, delay elements, a phase detector, a charge pump and a D-
type flip-flop. In these embodiments, the delay elements may be configured to break a VCO period up into Nd equal
packets of phase, where Nd is the number of delay elements in the delay line. In this way, the DLL provides negative
feedback to help ensure that the total delay through the delay line is one VCO cycle.

[0111] In some embodiments, synthesizer circuitry 1106D may be configured to generate a carrier frequency as the
output frequency, while in other embodiments, the output frequency may be a multiple of the carrier frequency (e.g., twice
the carrier frequency, four times the carrier frequency) and used in conjunction with quadrature generator and divider
circuitry to generate multiple signals at the carrier frequency with multiple different phases with respect to each other. In
some embodiments, the output frequency may be a LO frequency (fLO). In some embodiments, the RF circuitry 1106 may
include an IQ/polar converter.

[0112] FEM circuitry 1108 may include a receive signal path which may include circuitry configured to operate on RF
signals received from one or more antennas 1110, amplify the received signals and provide the amplified versions of the
received signals to the RF circuitry 1106 for further processing. FEM circuitry 1108 may also include a transmit signal path
which may include circuitry configured to amplify signals for transmission provided by the RF circuitry 1106 for transmis-
sion by one or more of the one or more antennas 1110. In various embodiments, the amplification through the transmit or
receive signal paths may be done solely in the RF circuitry 1106, solely in the FEM 1108, or in both the RF circuitry 1106 and
the FEM 1108.

[0113] Insome embodiments, the FEM circuitry 1108 may include a TX/RX switch to switch between transmit mode and
receive mode operation. The FEM circuitry may include a receive signal path and a transmit signal path. The receive signal
path of the FEM circuitry may include an LNA to amplify received RF signals and provide the amplified received RF signals
asanoutput(e.g., tothe RF circuitry 1106). The transmit signal path of the FEM circuitry 1108 may include a power amplifier
(PA) to amplify input RF signals (e.g., provided by RF circuitry 1106), and one or more filters to generate RF signals for
subsequent transmission (e.g., by one or more of the one or more antennas 1110).

[0114] Insome embodiments, the PMC 1112 may manage power provided to the baseband circuitry 1104. In particular,
the PMC 1112 may control power-source selection, voltage scaling, battery charging, or DC-to-DC conversion. The PMC
1112 may often be included when the device 1100 is capable of being powered by a battery, forexample, when the device is
included in a UE. The PMC 1112 may increase the power conversion efficiency while providing desirable implementation
size and heat dissipation characteristics.

[0115] While Fig. 11 shows the PMC 1112 coupled only with the baseband circuitry 1104. However, in other embodi-
ments, the PMC 1112 may be additionally or alternatively coupled with, and perform similar power management operations
for, other components such as, but not limited to, application circuitry 1102, RF circuitry 1106, or FEM 1108.

[0116] Insome embodiments, the PMC 1112 may control, or otherwise be part of, various power saving mechanisms of
the device 1100. For example, ifthe device 1100 isinan RRC_Connected state, where itis still connected to the RAN node
as it expects to receive traffic shortly, then it may enter a state known as Discontinuous Reception Mode (DRX) after a
period of inactivity. During this state, the device 1100 may power down for brief intervals of time and thus save power.
[0117] If there is no data traffic activity for an extended period of time, then the device 1100 may transition off to an
RRC_Idle state, where it disconnects from the network and does not perform operations such as channel quality feedback,
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handover, and so on. The device 1100 goes into a very low power state and it performs paging where again it periodically
wakes up to listen to the network and then powers down again. The device 1100 may not receive datain this state, in order
to receive data, it must transition back to RRC_Connected state.

[0118] An additional power saving mode may allow a device to be unavailable to the network for periods longer than a
paging interval (ranging from seconds to a few hours). During this time, the device is totally unreachable to the network and
may power down completely. Any data sent during this time incurs a large delay and it is assumed the delay is acceptable.
[0119] Processors of the application circuitry 1102 and processors of the baseband circuitry 1104 may be used to
execute elements of one or more instances of a protocol stack. For example, processors of the baseband circuitry 1104,
alone orin combination, may be used execute Layer 3, Layer 2, or Layer 1 functionality, while processors of the application
circuitry 1104 may utilize data (e.g., packet data) received from these layers and further execute Layer 4 functionality (e.g.,
transmission communication protocol (TCP) and user datagram protocol (UDP) layers). As referred to herein, Layer 3 may
comprise a radio resource control (RRC) layer, described in further detail below. As referred to herein, Layer 2 may
comprise a medium access control (MAC) layer, a radio link control (RLC) layer, and a packet data convergence protocol
(PDCP) layer, described in further detail below. As referred to herein, Layer 1 may comprise a physical (PHY) layer of a
UE/RAN node, described in further detail below.

[0120] Fig. 12 illustrates example interfaces of baseband circuitry, in accordance with some embodiments of the
disclosure. As discussed above, the baseband circuitry 1104 of Fig. 11 may comprise processors 1104A-1104E and a
memory 1104G utilized by said processors. Each of the processors 1104A-1104E may include a memory interface,
1204A-1204E, respectively, to send/receive data to/from the memory 1104G.

[0121] The baseband circuitry 1104 may further include one or more interfaces to communicatively couple to other
circuitries/devices, such as a memory interface 1212 (e.g., an interface to send/receive data to/from memory external to
the baseband circuitry 1104), an application circuitry interface 1214 (e.g., an interface to send/receive data to/from the
application circuitry 1102 of Fig. 11), an RF circuitry interface 1216 (e.g., an interface to send/receive data to/from RF
circuitry 1106 of Fig. 11), a wireless hardware connectivity interface 1218 (e.g., an interface to send/receive data to/from
Near Field Communication (NFC) components, Bluetooth® components (e.g., Bluetooth® Low Energy), Wi-Fi® compo-
nents, and other communication components), and a power management interface 1220 (e.g., an interface to send/re-
ceive power or control signals to/from the PMC 1112.

[0122] Itis pointed out that elements of any of the Figures herein having the same reference numbers and/or names as
elements of any other Figure herein may, in various embodiments, operate or function in a manner similar those elements
of the other Figure (without being limited to operating or functioning in such a manner).

[0123] Reference in the specification to "an embodiment," "one embodiment," "some embodiments," or "other
embodiments" means that a particular feature, structure, or characteristic described in connection with the embodiments
is included in at least some embodiments, but not necessarily all embodiments. The various appearances of "an
embodiment," "one embodiment," or "some embodiments" are not necessarily all referring to the same embodiments.
If the specification states a component, feature, structure, or characteristic "may," "might," or "could" be included, that
particular component, feature, structure, or characteristic is not required to be included. If the specification or claim refers
to "a" or "an" element, that does not mean there is only one of the elements. If the specification or claims refer to "an
additional" element, that does not preclude there being more than one of the additional element.

[0124] Furthermore, the particular features, structures, functions, or characteristics may be combined in any suitable
manner in one or more embodiments. For example, a first embodiment may be combined with a second embodiment
anywhere the particular features, structures, functions, or characteristics associated with the two embodiments are not
mutually exclusive.

[0125] While the disclosure has been described in conjunction with specific embodiments thereof, many alternatives,
modifications and variations of such embodiments will be apparent to those of ordinary skill in the artin light of the foregoing
description. For example, other memory architectures e.g., Dynamic RAM (DRAM) may use the embodiments discussed.
The embodiments of the disclosure are intended to embrace all such alternatives, modifications, and variations as to fall
within the broad scope of the appended claims.

[0126] In addition, well known power/ground connections to integrated circuit (IC) chips and other components may or
may not be shown within the presented figures, for simplicity of illustration and discussion, and so as not to obscure the
disclosure. Further, arrangements may be shown in block diagram form in order to avoid obscuring the disclosure, and also
in view of the fact that specifics with respect to implementation of such block diagram arrangements are highly dependent
upon the platform within which the present disclosure is to be implemented (i.e., such specifics should be well within
purview of one skilled in the art). Where specific details (e.g., circuits) are set forth in order to describe example
embodiments of the disclosure, it should be apparent to one skilled in the art that the disclosure can be practiced without,
or with variation of, these specific details. The description is thus to be regarded as illustrative instead of limiting.
[0127] The following claims are hereby incorporated into the detailed description, with each claim standing on its own as
a separate embodiment.

15



10

15

20

25

30

35

40

45

50

55

EP 3 602 798 B1
Claims

1. An apparatus of a User Equipment, UE (630), operable to communicate with a Next-generation Node-B for New
Radio, gNB (610), on a wireless network, comprising:

one or more processors (636) configured to:

identify a data block having a number N1 of bits (910);

determine a number N2 of filler bits based on a set of parameters and the number N1 of bits of the data block
(915), wherein the set of parameters consists of a range of supported block sizes which are multiples of one of
2 bits, or 4 bits, or 8 bits;

pad the data block with the N2 filler bits to form a padded data block having a number N3 of bits (920)
constituting a supported block size, wherein the padding intersperses the N2 filler bits within the data block;
identify, based on atleast the number N3, a number N5 of parity-check bits and locations at an input of a polar
encoder for the N5 parity-check bits (930);

identify N3 locations at an input of the polar encoder for inserting the N3 bits of the padded data block (935);
encode the N3 bits of the padded data block, the N5 parity-check bits, and a number N6 of frozen bits to form a
number N4 of bits of a polar codeword (940); and

an interface (642) for sending a transmission based on the polar codeword to a transmission circuitry (633).

2. The apparatus of claim 1,
wherein the data block is an Uplink Control Information, UCI, block.

3. The apparatus of any of claims 1 through 2, wherein the one or more processors (636) are to:

identify the N3 locations at the input of a polar encoder for placing the N3 bits of the padded data block, based on a
sequence (950);

identify the number N6 of locations at the input of the polar encoder for placing the number N6 of frozen bits, based
on the sequence (955).

4. Machine readable storage media having machine executable instructions that, when executed, cause one or more
processors (636) of a User Equipment, UE (630), operable to communicate with a Next-generation Node-B for New
Radio, gNB (610), on a wireless network to perform an operation comprising:

identify a data block having a number N1 of bits (910);

determine a number N2 of filler bits based on a set of parameters and the number N1 of bits of the data block (915),
wherein the set of parameters consists of a range of supported block sizes which are multiples of one of 2 bits, or 4
bits, or 8 bits;

pad the data block with the N2 filler bits to form a padded data block having a number N3 of bits (920) constituting a
supported block size, wherein the padding intersperses the N2 filler bits within the data block;

identify, based on at least the number N3, a number N5 of parity-check bits and locations at an input of a polar
encoder for the N5 parity-check bits (930);

identify N3 locations at an input of the polar encoder for inserting the N3 bits of the padded data block (935); and
encode the N3 bits of the padded data block, the N5 parity-check bits, and a number N6 of frozen bits to form a
number N4 of bits of the polar codeword (940).

5. The machine readable storage media of claim 4,
wherein the data block is an Uplink Control Information, UCI, block.

6. The machine readable storage media of claim 4 or 5, the operation comprising:
identify the N3 locations at the input of a polar encoder for placing the N3 bits of the padded data block, based on a
sequence (950);
identify the number N6 of locations at the input of the polar encoder for placing the number N6 of frozen bits, based

on the sequence (955).

7. An apparatus of a Next-generation Node-B for New Radio, gNB (610), operable to communicate with a User
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Equipment, UE (630), in a wireless network, comprising:

one or more processors (616) to:

decode a polar codeword having a number M1 of bits to extract a padded data block having a number M2 of
bits (1010);

determine a number M3 and location of filler bits based on a number M4 of bits of a data block within the
padded data block and a set of parameters (1015), wherein the set of parameters consists of a range of
supported block sizes which are multiples of one of 2 bits, or 4 bits, or 8 bits;

de-pad the M2 bits of the padded data block to form the data block having the number M4 of bits (1020), the
M2 bits constituting a supported block size;

identify, based on at least the number M2, a number M5 of parity-check bits and locations at a polar decoder
for the M5 parity-check bits (1030);

identify M2 locations at the polar decoder for the M2 bits of the padded data block (1035);

wherein decoding the polar codeword having a number M1 of bits also decodes the M5 parity check bits, and
decoding is based on a number M6 of frozen bits (1040);

and

an interface for receiving a transmission based on the polar codeword from a receiving circuitry (613).

The apparatus of claim 7,
wherein the data block is an Uplink Control Information, UCI, block.

The apparatus of claim 7 or 8, wherein the one or more processors (616) are to:

identify the M2 locations at a polar decoder for extracting the M2 bits of the padded data block, based on a
sequence (1050);
identify the number M6 of locations at the polar decoder for extracting the number M6 of frozen bits, based on the
sequence (1055).

Machine readable storage media having machine executable instructions that, when executed, cause one or more
processors (616) of a Next-generation Node-B for New Radio, gNB (610), operable to communicate with a User
Equipment, UE (630), on a wireless network to perform an operation comprising:

decode a polar codeword having a number M1 of bits to extract a padded data block having a number M2 of bits
(1010);

determine a number M3 and location of filler bits based on a number M4 of bits of a data block within the padded
data block and a set of parameters (1015), wherein the set of parameters consists of a range of supported block
sizes which are multiples of one of 2 bits, or 4 bits, or 8 bits;

de-pad the M2 bits of the padded data block to form the data block having the number M4 of bits (1020), the M2 bits
constituting a supported block size;

identify, based on atleastthe number M2, a number M5 of parity-check bits and locations at a polar decoder for the
M5 parity-check bits (1030);

identify M2 locations at the polar decoder for the M2 bits of the padded data block (1035); and

wherein decoding the polar codeword having a number M1 of bits also decodes the M5 parity check bits, and
decoding is based on a number M6 of frozen bits (1040).

11. The machine readable storage media of claim 10,

wherein the data block is an Uplink Control Information, UCI, block.

12. The machine readable storage media of claim 10 or 11, the operation comprising:

identify the M2 locations at a polar decoder for extracting the M2 bits of the padded data block, based on a
sequence (1050);
identify the number M6 of locations at the polar decoder for extracting the number M6 of frozen bits, based on the
sequence (1055).
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Patentanspriiche

1. Vorrichtung einer Benutzerausristung, UE (630), die betreibbar ist, um mit einem Next-Generation-Node-B for New
Radio, gNB (610), in einem drahtlosen Netzwerk zu kommunizieren, umfassend:

einen oder mehrere Prozessoren (636), die konfiguriert sind zum:

Identifizieren eines Datenblocks mit einer Anzahl N1 von Bits (910);

Bestimmen einer Anzahl N2 von Fiillbits basierend auf einem Satz von Parametern und der Anzahl N1 von
Bits des Datenblocks (915), wobei der Satz von Parametern aus einem Bereich von unterstiitzten Block-
gréRen besteht, die Vielfache von einem von 2 Bits oder 4 Bits oder 8 Bits sind;

Aufflillen des Datenblocks mitden N2 Fiillbits, um einen aufgefiillten Datenblock mit einer Anzahl N3 von Bits
(920) zu bilden, die eine unterstitzte Blockgrofie bilden, wobei das Auffiillen die N2 Fullbits innerhalb des
Datenblocks durchsetzt;

Identifizieren, basierend auf mindestens der Anzahl N3, einer Anzahl N5 von Paritatsprifbits und Stellen an
einem Eingang eines Polarcodierers fir die N5 Paritatsprifbits (930);

Identifizieren von N3 Stellen an einem Eingang des Polarcodierers zum Einfligen der N3 Bits des aufgefiiliten
Datenblocks (935);

Codieren der N3 Bits des aufgefillten Datenblocks, der N5 Paritatsprufbits und einer Anzahl N6 von
eingefrorenen Bits, um eine Anzahl N4 von Bits eines Polarcodeworts (940) zu bilden; und

eine Schnittstelle (642) zum Senden einer Ubertragung basierend auf dem Polarcodewort an eine Ubertragungs-
schaltungsanordnung (633).

2. Vorrichtung nach Anspruch 1,
wobei der Datenblock ein Uplink-Steuerinformations-, UCI-, Block ist.

3. Vorrichtung nach einem der Anspriiche 1 bis 2, wobei der eine oder die mehreren Prozessoren (636) dienen zum:

Identifizieren der N3 Stellen am Eingang eines Polarcodierers zum Platzieren der N3 Bits des aufgefiiliten
Datenblocks, basierend auf einer Sequenz (950);

Identifizieren der Anzahl N6 von Stellen am Eingang des Polarcodierers zum Platzieren der Anzahl N6 von
eingefrorenen Bits, basierend auf der Sequenz (955).

4. Maschinenlesbares Speichermedium mit maschinenausfihrbaren Anweisungen, die, wenn sie ausgefiihrt werden,
einen oder mehrere Prozessoren (636) einer Benutzerausristung, UE (630), die betreibbar ist, um mit einem Next-
Generation-Node-B for New Radio, gNB (610), in einem drahtlosen Netzwerk zu kommunizieren, veranlassen, eine
Operation durchzufiihren, umfassend:

Identifizieren eines Datenblocks mit einer Anzahl N1 von Bits (910);

Bestimmen einer Anzahl N2 von Fiillbits basierend auf einem Satz von Parametern und der Anzahl N1 von Bits
des Datenblocks (915), wobei der Satz von Parametern aus einem Bereich von unterstiitzten BlockgréRen
besteht, die Vielfache von einem von 2 Bits oder 4 Bits oder 8 Bits sind;

Aufflillen des Datenblocks mit den N2 Fiillbits, um einen aufgefiiliten Datenblock mit einer Anzahl N3 von Bits
(920) zu bilden, die eine unterstltzte Blockgrofe bilden, wobei das Aufflllen die N2 Fllbits innerhalb des
Datenblocks durchsetzt;

Identifizieren, basierend auf mindestens der Anzahl N3, einer Anzahl N5 von Paritatsprifbits und Stellen an
einem Eingang eines Polarcodierers fiir die N5 Paritatsprifbits (930);

Identifizieren von N3 Stellen an einem Eingang des Polarcodierers zum Einfligen der N3 Bits des aufgefiiliten
Datenblocks (935); und

Codieren der N3 Bits des aufgefiillten Datenblocks, der N5 Paritatsprifbits und einer Anzahl N6 von ein-
gefrorenen Bits, um eine Anzahl N4 von Bits des Polarcodeworts (940) zu bilden.

5. Maschinenlesbares Speichermedium nach Anspruch 4,
wobei der Datenblock ein Uplink-Steuerinformations-, UCI-, Block ist.

6. Maschinenlesbares Speichermedium nach Anspruch 4 oder 5, wobei die Operation umfasst:
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Identifizieren der N3 Stellen am Eingang eines Polarcodierers zum Platzieren der N3 Bits des aufgefiiliten
Datenblocks, basierend auf einer Sequenz (950);

Identifizieren der Anzahl N6 von Stellen am Eingang des Polarcodierers zum Platzieren der Anzahl N6 von
eingefrorenen Bits, basierend auf der Sequenz (955).

7. Vorrichtung eines Next-Generation-Node-B for New Radio, gNB (610), die betreibbar ist, um mit einer Benutzer-

10.

ausristung, UE (630), in einem drahtlosen Netzwerk zu kommunizieren, umfassend:

einen oder mehrere Prozessoren (616) zum:

Decodieren eines Polarcodeworts mit einer Anzahl M1 von Bits, um einen aufgefiliten Datenblock mit einer
Anzahl M2 von Bits (1010) zu extrahieren;

Bestimmen einer Anzahl M3 und einer Stelle von Fillbits basierend auf einer Anzahl M4 von Bits eines
Datenblocks innerhalb des aufgefiiliten Datenblocks und einem Satz von Parametern (1015), wobei der Satz
von Parametern aus einem Bereich von unterstiitzten BlockgréfRen besteht, die Vielfache von einem von 2
Bits oder 4 Bits oder 8 Bits sind;

Entfullen der M2 Bits des aufgeflillten Datenblocks, um den Datenblock mit der Anzahl M4 von Bits (1020) zu
bilden, wobei die M2 Bits eine unterstutzte Blockgrofle bilden;

Identifizieren, basierend auf mindestens der Anzahl M2, einer Anzahl M5 von Paritatspriifbits und Stellen an
einem Polardecodierer fur die M5 Paritatsprifbits (1030);

Identifizieren von M2 Stellen am Polardecodierer fiir die M2 Bits des aufgefillten Datenblocks (1035);
wobei das Decodieren des Polarcodeworts mit einer Anzahl M1 von Bits auch die M5 Paritatsprifbits
decodiert und das Decodieren auf einer Anzahl M6 von eingefrorenen Bits (1040) basiert; und

eine Schnittstelle zum Empfangen einer Ubertragung basierend auf dem Polarcodewort von einer Empfangs-
schaltungsanordnung (613).

Vorrichtung nach Anspruch 7,
wobei der Datenblock ein Uplink-Steuerinformations-, UCI-, Block ist.

Vorrichtung nach Anspruch 7 oder 8, wobei der eine oder die mehreren Prozessoren (616) dienen zum:

Identifizieren der M2 Stellen an einem Polardecodierer zum Extrahieren der M2 Bits des aufgefillten Daten-
blocks, basierend auf einer Sequenz (1050);

Identifizieren der Anzahl M6 von Stellen am Polardecodierer zum Extrahieren der Anzahl M6 von eingefrorenen
Bits, basierend auf der Sequenz (1055).

Maschinenlesbares Speichermedium mit maschinenausfihrbaren Anweisungen, die, wenn sie ausgefiihrt werden,
einen oder mehrere Prozessoren (616) eines Next-Generation-Node-B for New Radio, gNB (610), der betreibbar ist,
um mit einer Benutzerausrustung, UE (630), in einem drahtlosen Netzwerk zu kommunizieren, veranlassen, eine
Operation durchzufiihren, umfassend:

Decodieren eines Polarcodeworts mit einer Anzahl M1 von Bits, um einen aufgefiillten Datenblock mit einer
Anzahl M2 von Bits (1010) zu extrahieren;

Bestimmen einer Anzahl M3 und einer Stelle von Fllbits basierend auf einer Anzahl M4 von Bits eines
Datenblocks innerhalb des aufgefiilliten Datenblocks und einem Satz von Parametern (1015), wobei der Satz
von Parametern aus einem Bereich von unterstitzten Blockgrofen besteht, die Vielfache von einem von 2 Bits
oder 4 Bits oder 8 Bits sind;

Entfullen der M2 Bits des aufgefiillten Datenblocks, um den Datenblock mit der Anzahl M4 von Bits (1020) zu
bilden, wobei die M2 Bits eine unterstiitzte Blockgrofie bilden;

Identifizieren, basierend auf mindestens der Anzahl M2, einer Anzahl M5 von Paritatsprifbits und Stellen an
einem Polardecodierer fiir die M5 Paritatsprifbits (1030);

Identifizieren von M2 Stellen am Polardecodierer fiir die M2 Bits des aufgeflillten Datenblocks (1035); und
wobei das Decodieren des Polarcodeworts mit einer Anzahl M1 von Bits auch die M5 Paritatspriifbits decodiert
und das Decodieren auf einer Anzahl M6 von eingefrorenen Bits (1040) basiert.

11. Maschinenlesbares Speichermedium nach Anspruch 10,

wobei der Datenblock ein Uplink-Steuerinformations-, UCI-, Block ist.
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12. Maschinenlesbares Speichermedium nach Anspruch 10 oder 11, wobei die Operation umfasst:

Identifizieren der M2 Stellen an einem Polardecodierer zum Extrahieren der M2 Bits des aufgefilliten Daten-
blocks, basierend auf einer Sequenz (1050);

Identifizieren der Anzahl M6 von Stellen am Polardecodierer zum Extrahieren der Anzahl M6 von eingefrorenen
Bits, basierend auf der Sequenz (1055).

Revendications

1. Unappareil d’'un équipement utilisateur, UE (630), qui peut étre mis en ceuvre pour communiquer avec un nceud B de
Prochaine génération pour New Radio, gNB (610), sur un réseau sans fil, comprenant :

un ou plusieurs processeurs (636) configurés pour :

identifier un bloc de données ayant un nombre N1 de bits (910) ;

déterminer un nombre N2 de bits d’appoint surla base d’'un ensemble de parameétres et du nombre N1 de bits
du bloc de données (915), 'ensemble de paramétres étant constitué d’'une étendue de tailles de bloc
supportées qui sont des multiples de I'un d’entre 2 bits, ou 4 bits, ou 8 bits ;

garnir le bloc de données avec les N2 bits d’appoint pour former un bloc de données garni ayant un nombre
N3 de bits (920) présentant une taille de bloc supportée, le garnissage imbriquant les N2 bits d’appoint a
I'intérieur du bloc de données ;

identifier, au moins sur la base du nombre N3, un nombre N5 de bits de contréle de parité et des
emplacements au niveau d’une entrée d’un codeur polaire pour les N5 bits de contrdle de parité (930) ;
identifier N3 emplacements au niveau d’une entrée du codeur polaire pour y insérer les N3 bits du bloc de
données garni (935) ;

coder les N3 bits du bloc de données garni, les N5 bits de contrdle de parité, et un nombre N6 de bits gelés,
pour former un nombre N4 de bits d’'un mot de code polaire (940) ; et

une interface (642) pour envoyer a une circuiterie de transmission (633) une transmission basée sur le mot de
code polaire.

2. L'appareil de la revendication 1,
dans lequel le bloc de données est un bloc d’information de contréle de liaison montante, UCI.

3. L'appareil de 'une des revendications 1 a 2, dans lequel les un ou plusieurs processeurs (636) servent a :

identifier les N3 emplacements au niveau de I'entrée d’un codeur polaire pour y placer les N3 bits du bloc de
données garni, sur la base d’'une séquence (950) ;

identifierle nombre N6 d’emplacements au niveau de I'entrée du codeur polaire poury placerle nombre N6 de bits
gelés, sur la base de la séquence (955).

4. Support de stockage lisible par machine avec des instructions exécutables par machine qui, lorsqu’elles sont
exécutées, font en sorte qu’un ou plusieurs processeurs (636) d’'un équipement utilisateur, UE (630), qui peut étre
mis en ceuvre pour communiquer avec un nceud B de Prochaine génération pour New Radio, gNB (610), sur un
réseau sans fil, effectuent une opération comprenant :

I'identification d’un bloc de données ayant un nombre N1 de bits (910) ;

la détermination d’'un nombre N2 de bits d’appoint sur la base d’'un ensemble de parametres et du nombre N1 de
bits du bloc de données (915), 'ensemble de parameétres étant constitué d’'une étendue de tailles de bloc
supportées qui sont des multiples de I'un d’entre 2 bits, ou 4 bits, ou 8 bits ;

le garnissage du bloc de données avec les N2 bits d’appoint pour former un bloc de données garni ayant un
nombre N3 de bits (920) présentant une taille de bloc supportée, le garnissage imbriquant les N2 bits d’appoint a
l'intérieur du bloc de données ;

l'identification, au moins sur la base du nombre N3, d’'un nombre N5 de bits de contrble de parité et d’em-
placements au niveau d’une entrée d’'un codeur polaire pour les N5 bits de contrdle de parité (930) ;
l'identification de N3 emplacements au niveau d’'une entrée du codeur polaire poury insérerles N3 bits du bloc de
données garni (935) ; et
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le codage des N3 bits du bloc de données garni, des N5 bits de contrdle de parité, et d’'un nombre N6 de bits gelés,
pour former un nombre N4 de bits d'un mot de code polaire (940).

Le support de stockage lisible par machine de la revendication 4,
dans lequel le bloc de données est un bloc d’'information de contréle de liaison montante, UCI.

Le support de stockage lisible par machine de la revendication 4 ou 5, dans lequel I'opération comprend :

l'identification des N3 emplacements au niveau de I'entrée d’un codeur polaire poury placerles N3 bits du bloc de
données garni, sur la base d’une séquence (950) ;

I'identification du nombre N6 d’emplacements au niveau de I'entrée du codeur polaire poury placer le nombre N6
de bits gelés, sur la base de la séquence (955).

Un appareil d’'un nceud B de Prochaine génération pour New Radio, gNB (610), pouvant étre mis en ceuvre pour
communiquer avec un équipement utilisateur, UE (630), dans un réseau sans fil, comprenant :

un ou plusieurs processeurs (616) pour :

décoder un mot de code polaire ayant un nombre M1 de bits, pour extraire un bloc de données garni ayant un
nombre M2 de bits (1010) ;

déterminer un nombre M3 et un emplacement de bits d’appoint sur la base d’'un nombre M4 de bits d’un bloc
de données a l'intérieur du bloc de données garni et

d’'un ensemble de paramétres (1015), 'ensemble de paramétres étant constitué d’'une étendue de tailles de
bloc supportées qui sont des multiples de I'un d’entre 2 bits, ou 4 bits, ou 8 bits ;

dégarnir les M2 bits du bloc de données garni pour former le bloc de données ayant le nombre M4 de bits
(1020), les M2 bits présentant une taille de bloc supportée ;

identifier, au moins sur la base du nombre M2, un nombre M5 de bits de contrle de parité et des
emplacements au niveau d’un décodeur polaire pour les M5 bits de contréle de parité (1030) ;

identifier M2 emplacements au niveau du décodeur polaire pour les M2 bits du bloc de données garni (1035) ;
danslequel le décodage du mot de code polaire ayantun nombre M1 de bits décode égalementles M5 bits de
contrble de parité, et le décodage est basé sur un

nombre M6 de bits gelés (1040) ; et

une interface pour recevoir d’une circuiterie de réception (613) une transmission basée surle motde code polaire.

L'appareil de la revendication 7,
dans lequel le bloc de données est un bloc de contrdle d’information de liaison montante, UCI.

L'appareil de la revendication 7 ou 8, dans lequel les un ou plusieurs processeurs (616) servent a :

identifier les M2 emplacements au niveau d’'un décodeur polaire pour en extraire les M2 bits du bloc de données
garni, sur la base d’une séquence (1050) ;
identifier le nombre M6 d’emplacements au niveau du décodeur polaire pour en extraire le nombre M6 de bits
gelés, sur la base de la séquence (1055).

Support de stockage lisible par machine avec des instructions exécutables par machine qui, lorsqu’elles sont
exécutées, font en sorte qu’'un ou plusieurs processeurs (616) d’'un nceud B de Prochaine génération pour New
Radio, gNB (610), pouvant étre mis en ceuvre pour communiquer avec un équipement utilisateur, UE (630), dans un
réseau sans fil, effectuent une opération comprenant :

le décodage d’un mot de code polaire ayant un nombre M1 de bits, pour extraire un bloc de données garni ayant
un nombre M2 de bits (1010) ;

la détermination d’'un nombre M3 et d’'un emplacement de bits d’appoint sur la base d’'un nombre M4 de bits d’'un
bloc de données a l'intérieur du bloc de données garni et d’'un ensemble de paramétres (1015), 'ensemble de
paramétres étant constitué d’'une étendue de tailles de bloc supportées qui sont des multiples de I'un d’entre 2
bits, ou 4 bits, ou 8 bits ;

le dégarnissage des M2 bits du bloc de données garni pour former le bloc de données ayant le nombre M4 de bits
(1020), les M2 bits présentant une taille de bloc supportée ;
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l'identification, au moins sur la base du nombre M2, d’'un nombre M5 de bits de contrble de parité et d’em-
placements au niveau d’'un décodeur polaire pour les M5 bits de contrdle de parité (1030) ;

l'identification de M2 emplacements au niveau du décodeur polaire pour les M2 bits du bloc de données garni
(1035) ; et

dans lequel le décodage du mot de code polaire ayant un nombre M1 de bits décode également les M5 bits de
contrble de parité, et le décodage est basé sur un nombre M6 de bits gelés (1040).

11. Le support de stockage lisible par machine de la revendication 10,
dans lequel le bloc de données est un bloc d’'information de contréle de liaison montante, UCI.

12. Le support de stockage lisible par machine de la revendication 10 ou 11, dans lequel 'opération comprend :
l'identification des M2 emplacements au niveau d’un décodeur polaire pour en extraire les M2 bits du bloc de
données garni, sur la base d’une séquence (1050) ;

l'identification du nombre M6 d’emplacements au niveau du décodeur polaire pour en extraire le nombre M6 de
bits gelés, sur la base de la séquence (1055).
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IDENTIFY A DATA BLOCK AHVING A NUMBER N1 OF BITS

| J

A

[ DETERMINE A NUMBER N2 OF FILLER BITS BASED ON A SET |
OF ONE OR MORE PARAMETERS AND THE N1 BITS OF THE

DATA BLOCK

. J

Y
' ™

PAD THE DATA BLOCK WITH THE N2 FILLER BITS TO FORM A
PADDED DATA BLOCK HAVING A NUMBER N3 OF BITS

A

ENCODE THE N3 BITS OF THE PADDED DATA BLOCK TO
FORM A POLAR CODEWORD HAVING A NUMBER N4 OF BITS

( IDENTIFY, BASED ON AT LEAST THE NUMBER N3, A NUMBER )

DATA BLOCK

\ J

Y

([ ENCODE THE N3 BITS OF THE PADDED DATA BLOCK, THE N5 )

PARITY-CHECK BITS, AND A NUMBER N6 OF FROZEN BITS TO
FORM THE N4 BITS OF THE POLAR CODEWORD

[ IDENTIFY N3 LOCATIONS AT AN INPUT OF A POLAR ENCODER |

N FOR PLACING THE N3 BITS OF THE PADDED DATA BLOCK,
\ BASED ON A SEQUENCE )
Y
IDENTIFY A NUMBER N6 OF LOCATIONS AT THE INPUT OF
I THE POLAR ENCODER FOR PLACING N6 FROZEN BITS,
L BASED ON THE SEQUENCE )
) A
ENCODE AT LEAST THE N3 BITS OF THE PADDED DATA
I BLOCK AND THE N6 FROZEN BITS TO FORM THE N4 BITS OF
L THE POLAR CODEWORD )
900 Fig. 9
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Y
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NUMBER M4 OF BITS OF A DATA BLOCK WITHIN THE PADDED
DATA BLOCK AND A SET OF ONE OR MORE PARAMETERS

A

DE-PAD THE M2 BITS OF THE PADDED DATA BLOCK TO FORM
A DATA BLOCK HAVING THE NUMBER M4 OF BITS

( IDENTIFY, BASED ON AT LEAST THE NUMBER M2, A NUMBER )
M5 OF PARITY-CHECK BITS AND LOCATIONS AT A POLAR
DECODER FOR THE M5 PARITY-CHECK BITS

Y

IDENTIFY M2 LOCATIONS AT THE POLAR DECODER FOR
REMOVING THE M2 BITS OF THE PADDED DATA BLOCK

\. J

A
( DECODE, FROM THE M1 BITS OF THE POLAR CODEWORD, AT |
LEAST ONE OF: THE M2 BITS OF THE PADDED DATA BLOCK;
TH EM5 PARITY-CHECK BITS; AND A NUMBER M6 OF FROZEN

BITS

IDENTIFY M2 LOCATIONS AT A POLAR DECODER FOR
EXTRACTING THE M2 BITS OF THE PADDED DATA BLOCK,
BASED ON A SEQUENCE

Y

IDENTIFY A NUMBER M6 OF LOCATIONS AT THE POLAR
DECODE FOR EXTRACTING M6 FROZEN BITS, BASED ON THE
SEQUENCE

\. J

A

( DECODE, FROM THE M1 BITS OF THE FROZEN CODEWORD, )
AT LEAST ONE OF: THE M2 BITS OF THE PADDED DATA

BLOCK; AND THE M6 FROZEN BITS

Fig. 10
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